Removal of perchlorate ion in tap water with montmorillonite which modified with hexadecylpyridinium chloride (CPC-montmorillonite) was investigated by column chromatography. Almost all anions except Cl -ion in a tap water containing 0.518 and 0.540 mg dm During 37 consecutive days of column experiment, 86 % of hexadecylpyridinium chloride molecules were eluted from an interlayer of CPC-montmorillonite and the basal spacing, (001) plane, of CPCmontmorillonite decreased from 4.05 nm to 2.11 nm.
of the column experiment, whereas the Cl -concentration in effluent immediately increases steeply. The anions exhibit breakthrough in the order of F -, SO 4 2-, BrO 3 -, NO 3 -, Br -and ClO 4 -. These results suggest that the anion uptake on CPC-montmorillonite proceeds through anion-exchange process, and the anion affinity of CPC-montmorillonite becomes F -< SO 4 2-< BrO 3 -< NO 3 -< Br -< ClO 4 -. The ClO 4 - concentration in effluent solution passing through the CPC-montmorillonite bed falls below detection limits of ion chromatography up to 4,500 bed volumes (BV) at the feed solution rate of space velocity (SV) 15 h -1 , thus the ClO 4 -ion in the tap water can be reduced to less than 0.025 mg dm -3 of the target value under consideration as a standard of water-purity for tap water at Ministry of Health, Labour and Welfare of Japan. The ClO 4 -concentration increases gradually between 5,000 and 10,000 of BV and becomes nearly constant at above near 10,000 of BV. The ClO 4 -uptake amount on the column experiment can be estimated as 0.04 mmol g -1 from the adsorption breakthrough curve of ClO 4 -ion.
Introduction
Perchlorate salts are strong oxidant and are used in solid propellants for missiles and rockets, pyrotechnic materials and detonators for air-bags in vehicles. Their use leads to the release of perchlorate salts into the environment 1) . The presence of perchlorate ion in dairy milk and human milk had been reported in Japan and United States [2] [3] [4] . The perchlorate ion is similar in size of iodide ion and it can interfere with delivery of iodide ion to thyroid gland in the body. In this way, perchlorate can disrupt the production of thyroid hormones, and thus disrupt metabolism 5) . Regular ingestion of perchlorate ion might therefore be associated with a risk of disorder of child development. Ministry of Health, Labour and Welfare of Japan is considering carefully whether to establish an upper limit (0.025 mg dm -3 An adsorption process might be best suitable to remove the perchlorate in water, since some of the adsorbents show high selectivity toward ClO ) of perchlorate ion on a standard of waterpurity for tap water. 4 -ion [6] [7] [8] [9] [10] compared with other process such as biological process 11) and electrochemical process 12, 13) .
Recently, authors have reported that a CPC-montmorillonite exhibited excellent selectivity toward ClO 4 -ion 14) . 
Synthesis of CPC-montmorillonite
ions enriched tap water were of special grade chemicals supplied by Wako Pure Chemical Industries Ltd., Japan.
The CPC-montmorillonite was prepared at room temperature in the same way as the literature 14) . Na-montmorillonite (5 g) was dispersed in deionized water (500 cm 3 ) and stirred for 90
min. An amount of CPC (10.5 g) corresponding to four times the cation exchange capacity of the Na-montmorillonite was dissolved in deionized water (250 cm 3
Structural Analysis
) preheated to 60 CPC solution was added slowly to the dispersion and the dispersion was stirred at 500 rpm for 1 day at room temperature. Solid products were separated by centrifugation, washed with deionized water, and dried at 40 ay. The sample was ground by a grinding mill (Model A10; Janke & Kunkel IKA Labortechnik) and was sieved in size from 0.063 to 1 mm using two standard sieves, for column chromatography.
Structure analysis was carried out using an X-ray diffractometer (RINT 2100; Rigaku Co., Ltd.), operating at 40 kV voltage and 24 mA current, with CuK radiation ( =0.154052 nm). The X-ray diffraction (XRD) pattern of sample was collected with sampling width of 0.02 scanning rate of 1 min -1 Thermal analysis was carried out using a thermogravimetric analyzer (Thermo plus TG8110; Rigaku Co., Ltd.) in a flowing air atmosphere (100 cm . 3 min -1 ). The TG-DTA data of sample was collected with a heating rate of 10 C min -1 . The solution pH of tap water was in the range 7.2 to 7.5. The effluent through the column was collected by every 1 hour using an automatic sample collector. The anion concentrations in selected fractions were measured by ion chromatography (761 Compact IC; Metrohm AG).
Column

Results and Discussion
Crystal Structure of CPC-Montmorillonite
Figs. 1a and 1b show X-ray diffraction patterns of natural Na-montmorillonite and synthetic CPC-montmorillonite, The contents of aluminosilicate layers of CPCmontmorillonite and of CP + ions and CPC molecules between the layers were calculated from the weight losses in the range 110 to 800 corresponding to the cation exchange capacity of Namontmorillonite were ion-exchanged to CP + from the result given in Table 1 CPC-mont. 14) . Considering the layer thickness of montmorillonite as 0.97 nm and the length of the CPC molecule as 2.31 nm 19) , the CPCmontmorillonite with basal spacing of 4.05 nm suggests a bilayered arrangement of CPC in the interlayer space at the inclination angle of 42 14, 16) , as shown in Fig. 3 . The Cl -ions of CPC molecules exchange with anions in solution. The Cl ion concentration increases gradually in the range of 5,000 < BV < 7,000 and becomes substantially constant at BV > 7,000.
-ion concentration decreases steeply in range 3 to around 1,000 BV and continues to decrease slowly up to the end of the column experiment. The F -concentration in effluent shows about the same concentration as the feed solution during The adsorption breakthrough curves of other anions on TEST 2 show the same tendency of those on TEST 1. The concentrations of SO ion concentration after the breakthrough increases slowly compared to that on TEST 1 in the range of 5,000 < BV < 10,000 and became close to that in the feed solution at BV > 10,000. 
CPC-Montmorillonite after the Column Experiment
Figs. 1c and 1d show XRD patterns of CPC-montmorillonite after column experiments of TEST 1 and TEST 2, respectively. The basal spacing, (001) plane, decreased to 2.11 nm for TEST 1 and 2.14 nm for TEST 2 from 4.05 nm of CPCmontmorillonite in Fig. 1b. Figs. 2d and 2e show thermogravimetric curves of CPC-montmorillonite after TEST 1 and TEST 2, respectively. The weight losses of CPCmontmorillonite after TEST 1 and TEST 2 at the temperature below 110 indicates that the hydrated water of CP + in CPCmontmorillonite is much lower than that of Na + in Namontmorillonite. The weight losses of CPC-montmorillonite after TEST 1 and TEST 2 in the range 110 to 800 and 33.3 wt%, respectively. The CPC molecule is used for sterilization of throat in a mouthwash, since it exerts bactericidal effect. Therefore, the desorption of CPC from CPC-montmorillonite might not causes a health damage, even if a small amount of CPC molecule is contaminated in the drinking water.
values become 1.05 and 0.0 for CPC-montmorillonite, 0.057 and 0.030 for CPCmontmorillonite after TEST 1 and 0.12 and 0.023 for CPCmontmorillonite after TEST 2, respectively. These results suggest that the CPC of CPC-montmorillonite is eluted during the long-term column experiment. The decreases become 92 mol% for TEST 1 on 90 consecutive days and 86 mol% for TEST 2 on 37 consecutive days.
Conclusions
The ClO 4 -ion in the tap water can be effectively removed by passing through the CPC-montmorillonite column and be reduced to less than 0.025 mg dm -3 of the target value under consideration as a standard of water-purity for tap water at Ministry of Health, Labour and Welfare of Japan. The anion affinity of CPC-montmorillonite on the present study becomes in the order of F -< SO 
